We present the spectral energy distributions (SEDs) of a hard X-ray selected sample. The sample contains 136 sources with F 2−10keV >10 −14 erg cm −2 s −1 and 132 are AGNs. The sources are detected in a 1 deg 2 area of the XMM-Newton-Medium Deep Survey where optical data from the VVDS, CFHTLS surveys, and infrared data from the SWIRE survey are available. Based on a SED fitting technique we derive photometric redshifts with σ(1+z)=0.11 and 6% of outliers and identify AGN signatures in 83% of the objects. This fraction is higher than derived when a spectroscopic classification is available. The remaining 17
Introduction
AGNs are mostly found in X-ray surveys where they represent the majority of the detected population. However, some AGNs are missed even in the deepest X-ray observations, e.g. the Chandra Deep Surveys, CDFN (Brandt et al. 2001; Barger et al. 2002) and CDFS (Giacconi et al. 2002; Rosati et al. 2002) . The existence of a large population of AGNs that is still undetected, even in the deepest X-ray surveys, is suggested by the unresolved X-ray background (Worsley et al. 2005) and by the discovery of AGNs not detected at X-ray energies, but identified at radio and infrared wavelengths (Polletta et al. 2006; Higdon et al. 2005; Donley et al. 2005) . Multiwavelength observations of AGNs are necessary to make a census of AGNs and to fully characterize them.
Current facilities and projects permit to study large AGN samples throughout the entire wavelength spectrum, from radio wavelengths to X-ray energies. Several wide and deep multi-wavelength surveys are currently being performed providing enough area, coverage and sensitivity to sample the multi-wavelength properties of AGNs. A difficult task that multi-wavelength surveys need to face is the identification of AGN. AGNs usually represent only a small fraction of sources compared to the population detected at optical and IR wavelengths and their properties can be elusive. Obscured AGNs can be elusive because their optical emission resembles that of normal galaxies and therefore they cannot be identified by the color-selection techniques used for QSOs (e.g. Schmidt & Green 1983) , or because their spectra do not show any AGN signature. Their IR emission can be dominated by PAH features, typical of star-forming galaxies, instead of continuum emission from hot dust. Radio observations reveal the radio-loud population of obscured AGNs (e.g. radio galaxies), but this comprises only a small fraction, ∼10%, of the total AGN population. A hard X-ray selection fails to detect the luminous narrow-line AGNs in the numbers predicted by some models of the CXRB.
In order to obtain a complete picture of the AGN population, selection biases need to be taken into account. The fraction of AGNs missed in observations in narrow energy windows, e.g. X-rays, infrared, or optical, is not well known. Moreover, the dispersion in the spectral energy distributions (SEDs) of all kind of AGNs needs to be well characterized to evaluate which and what fraction of AGNs are missed in a wavelength window and detected in another because of the unmatched depths of the observations at different wavelengths. The SEDs are also important for evolutionary models (Treister et al. 2004; Silva et al. 2004; Xu et al. 2003; Ballantyne et al. 2006) , and to estimate the contribution of accretion to the cosmic backgrounds.
In this work, we characterize the SEDs of a sample of AGNs selected in the hard X-rays and investigate how they vary as a function of X-ray absorption, luminosity, redshift, and host galaxy contribution. A selection in the hard Xrays minimizes the bias against absorbed AGNs compared to samples selected at soft or broadband X-ray energies. Our analysis is based on the sources detected by XMM-Newton in a 1 deg 2 region of the XMM-Newton Medium Deep Survey (XMDS; Chiappetti et al. 2005 , , hereinafter Paper I) in the XMM-Large Scale Survey field (XMM-LSS; Pierre et al. 2004 Pierre et al. , 2007 . This region has also been observed as part of the Spitzer Wide-Area Infrared Extragalactic Survey (SWIRE) ) legacy program, of the VIMOS VLT Deep Survey (VVDS; McCracken et al. 2003; Le Fèvre et al. 2004) , and of the Canada-France Hawaii Telescope Legacy "Deep" (D1) Survey. The available multiwavelength data set, the source catalog, and the X-ray observations and data are summarized in Section 2 and described in detail in a companion paper (Tajer et al. 2007, hereinafter Paper II) . Here, we present the technique used to classify the SEDs and to estimate photometric redshifts (Section 3). We divide the sample in three main AGN classes based on their SEDs: AGN1, AGN2, and star-forming (SF) like AGNs. The average properties of the SEDs of the three AGN classes are described in Section 4. Luminosities and absorption are estimated and their role in shaping the observed SEDs are discussed in Section 5. The relationship between the X-ray and the mid-IR luminosities is investigated in Section 6, and the variations of the mid-IR over X-ray luminosity ratio as a function of X-ray luminosity and AGN class are discussed in Section 6. The average SEDs of the three classes regrouped by X-ray luminosity are discussed in Section 7. The analysis of the AGN IR colors compared with their luminosity, redshift and SED classification is presented in Section 8. For a sub-set of sources, radio data are also available. The known radio-IR and radio-Xray correlations for AGNs and normal galaxies are compared with our data in Section 9. Our results are discussed in Section 10, and summarized in Section 11.
Throughout the paper, we adopt a flat cosmology with H 0 = 71 km s −1 Mpc −1 , Ω M =0.27 and Ω Λ =0.73 (Spergel et al. 2003) . For brevity, we refer to the sources in the sample by their XMDS sequence number (XMDS seq). The names of the sources, complying the IAU standard, along with the associated identifiers, are reported in Table 1. We use the terms red and blue to describe the broad-band SED shape, where red and blue mean, respectively, increasing and decreasing fluxes, in νF ν , at longer wavelengths. Fluxes refer to observed, not absorption or k-corrected values, unless specified otherwise. The term absorbed refers to X-ray sources with effective column densities N H ≥10 22 cm −2 , and obscured to sources with red optical and IR spectra implying dust extinction. The X-ray luminosity refers to the rest-frame broad band (0.5-10 keV) luminosity corrected for intrinsic absorption, unless specified otherwise. We use the terms type 1 and type 2 AGNs for AGNs with broad and narrow optical emission lines, respectively, in their optical spectra. We introduce a new nomenclature for the broad-band SED classification: AGN1, AGN2, and SF. The term AGN1 refers to an SED that is fitted by a type 1 AGN template, the term AGN2 refers to an SED that is fitted by a type 2 AGNs or composite template, and the term SF, which stands for starforming, refers to an SED that is fitted by a starforming galaxy template, like spirals and starburst galaxies. Although the templates are classified on the basis of their optical spectral properties, we do not expect a perfect match between the SED classification and the properties of the optical spectra. The SED classification is more indicative of the main emitting components dominating at optical and IR wavelengths rather than of their optical spectra. Moreover, optical spectra can be affected by host galaxy dilution (Moran et al. 2002) , obscuration (Barger et al. 2001; Rigby et al. 2006) , instrumental and observational limitations, e.g. the lack of emission lines for sources in certain redshift ranges.
Sample and multi-wavelength data set
The sample studied in this work includes 136 sources detected at ≥ 3σ in the 2-10 keV X-ray band, corresponding to ≃10 −14 erg cm −2 s −1 , in a 1 deg 2 region of the XMDS. The XMDS consists of 19 XMM-Newton pointings of 20 ksec nominal exposure covering a contiguous area of about 2.6 deg 2 . The XMDS survey is complete to a 2-10 keV flux of 9×10 −14 erg cm −2 s −1 (Paper I). The 1 deg 2 area chosen for this study is centered at α 2000 = 02 h 26 m , and δ 2000 = −04
• 30 ′ (see Paper II for the layout of the selected field on the entire XMDS area) and benefits from a wealth of observations from various surveys: XMM-Newton data from the XMM-LSS Survey (Pierre et al. 2004 (Pierre et al. , 2007 ; optical multi-band broad photometric data from the VI-MOS VLT Deep Survey (VVDS; McCracken et al. 2003; Le Fèvre et al. 2004) , and from the CanadaFrance Hawaii Telescope Legacy "Wide" (W1) and "Deep" (D1) Surveys (CFHTLS 1 ); near-infrared broad band photometric data from the UKIRT Infrared Deep Sky Survey (UKIDSS; Dye et al. 2006; Lawrence et al. 2006) ; infrared data from the Spitzer Wide-Area Infrared Extragalactic Survey (SWIRE; Lonsdale et al. 2003) ; and radio data from the VLA VIMOS Survey (Bondi et al. 2003; Ciliegi et al. 2005) . Optical spectroscopic data are also available from the VVDS survey for a small sub-sample (Le Fèvre et al. 2005; Gavignaud et al. 2006) , from observations of a selected sample of IR-selected AGNs (Lacy et al. 2006) , and from the 2dF survey (Garcet et al., in prep.) .
The X-ray observations and data are described in Paper I, and the multi-wavelength catalog and data set are presented in Paper II. The X-ray data cover the energy range from 0.3 to 10 keV, and fluxes are measured in 5 different bands, 0.3-0.5, 0.5-2, 2-4.5, 4.5-10, and 2-10 keV. Column densities are estimated from the hardness ratio HR derived from the soft (0.5-2 keV) and hard (2-10 keV) counts. For 55 sources with more than 50 net counts, the column density is estimated through spectral modeling with XSPEC (Arnaud 1996) (for more details see Paper II).
The VVDS data set includes broad-band pho-1 http://www.cfht.hawaii.edu/Science/CFHTLS/ tometric data in the B, V, R, and I filters, to an AB limiting magnitude (50% completeness for point sources) of 26.5, 26.2, 25.9, and 25.0, respectively (McCracken et al. 2003) . Imaging data in the U band to an AB limiting magnitude of ∼25.4 are also available. The CFHTLS data set includes broad-band photometric data in the u * , g ′ , r ′ , i ′ , and z filters, to an AB limiting magnitude (50% completeness) of i ′ =24.5 in the wide survey and i ′ =26.1 in the deep survey. Near-infrared data in the J and K bands are available for a small fraction (∼4%) of the area down to an AB limiting magnitude (50% completeness) of 24.2 and 23.9. Additional nearinfrared data from the UKIDSS project are also available. The UKIDSS observations cover about 54% of the XMDS area and include J and K band data to a limiting magnitude of 22.3 and 20.8, respectively.
The Spitzer infrared data include broad-band photometric data from the four IRAC bands at 3.6, 4.5, 5.8, and 8.0 µm to a 5σ limit of 4.3, 8.3, 58.5, and 65.7 µJy, respectively, and MIPS data at 24 µm to a 5σ limit of 241 µJy. The SWIRE observations cover about 90% of the area and are available for 122 sources, 91% of the entire sample.
The radio data are from the VLA VIMOS Survey which reaches a 5σ depth of 80 µJy at 1.4 GHz (Bondi et al. 2003; Ciliegi et al. 2005) .
The associations between the X-ray source list and the multi-wavelength catalogs are described in detail in Papers I and II. The selected multiwavelength catalog contains 136 sources. Two sources are galaxy clusters (see Paper II) and are not included in the following analysis. Of the remaining 134 sources, 130 have optical counterparts, unique for 121 and multiple candidates for the other remaining 9 sources. Out of four sources without optical counterpart, one is close to a bright star and the photometry could not be extracted and the remaining 3 sources are optically blank fields. All of the 122 sources that fall into the SWIRE area are detected in at least two Spitzer bands, and 87 are also detected at 24 µm. UKIDSS data are available for 66 sources, of which 55 are also SWIRE sources and 64 have an optical counterpart. Radio data are available for 32 sources, of which 30 are also SWIRE sources and 30 have an optical counterpart.
Template fitting & photometric redshift technique
In order to classify the spectral energy distributions (SEDs) and estimate photometric redshifts of the sources in the sample, optical and IR data are combined and fitted with a library of galaxy and AGN templates. The SEDs are fitted using the Hyper-z code (Bolzonella et al. 2000) . Hyperz has been already successfully applied to various data sets and offers the possibility of using any template library and filters set. Hyper-z finds the best-fit by minimizing the χ 2 derived from the comparison of the observed SED and expected SEDs, at various redshifts, derived from the templates using the same photometric system. The effects of dust extinction are taken into account by reddening the reference templates according to a selected reddening law. We use the prescription for extinction derived from high-redshift starbursts by Calzetti et al. (2000) . In order to limit degeneracies in the best-fit solutions we limit the extinction A V to be less than 0.55 mag and include templates of highly extincted objects to fit heavily obscured sources.
The library contains 20 templates including 1 elliptical, 7 spirals, 3 starbursts, 6 AGNs, and 3 composite (starburst+AGN) templates covering the wavelength range between 1000Å and 1000µm. The elliptical, spiral and starburst templates were generated with the GRASIL code (Silva et al. 1998) . The 7 spirals range from early to late types (S0-Sd), the starburst templates correspond to the SEDs of NGC 6090, M 82 and Arp 220. In all of the spirals and starburst templates the spectral region between 5 and 12 µm, where many broad emission and absorption features are observed, was replaced using observed IR spectra from the PHT-S spectrometer on the Infrared space Observatory and from IRS on Spitzer.
Templates of moderately luminous AGN, representing Seyfert 1.8 and Seyfert 2 galaxies, were obtained by combining models, broad-band photometric data (NED), and ISO-PHT-S spectra (Schulz, private communication) of a random sample of 28 Seyfert galaxies. The other four AGN templates include three templates representing optically-selected QSOs with different values of infrared/optical flux ratios (QSO1, TQSO1, and BQSO1) and one type 2 QSO (QSO2). The QSO1 templates are derived by combining the SDSS quasar composite spectrum and rest-frame infrared data of a sample of 35 SDSS/SWIRE quasars (Hatziminaoglou et al. 2005) . After normalizing each SED in the optical, we derived three templates with the same optical spectrum but three different IR SEDs. The QSO1 IR template was obtained from the average fluxes of all the measurements regrouped in wavelength bins, the TQSO1 IR template was obtained from the highest 25% measurements per bin, and the BQSO1 IR template was obtained from the lowest 25% measurements per bin. The type 2 QSO template (QSO2) was obtained by combining the observed optical/near-IR spectrum of the red quasar FIRST J013435.7−093102 (Gregg et al. 2002) and the rest-frame IR data from the quasars in the Palomar-Green sample with consistent optical SEDs (Polletta et al. 2006) .
The composite (AGN+SB) templates are empirical templates created to fit the SEDs of the following objects: the heavily obscured BAL QSO Mrk 231 (Berta 2005), the Seyfert 2 galaxy IRAS 19254−7245 South (I19254; Berta et al. 2003) , and the Seyfert 2 galaxy IRAS 22491−1808 (I22491; Berta 2005). All these objects contain a powerful starburst component, mainly responsible for their large infrared luminosities (>10 12 L ⊙ ), and an AGN component that contributes to the mid-IR luminosities.
The full library of galaxy and AGN templates is shown in Figure 1 . With respect to existing template libraries derived from empirical SEDs (Coleman et al. 1980) or from models (Bruzual & Charlot 2003; Fioc & Rocca-Volmerange 1997; Silva et al. 1998; Devriendt et al. 1999) , this library has a broader wavelength coverage and variety of spectral types. Examples of application of this library to various types of SWIRE sources can be found in Lonsdale et al. (2004) Photometric redshift techniques have been applied to optical or optical and near-infrared data sets providing reliable photometric redshifts (Rowan-Robinson et al. 2005; Ilbert et al. 2006; Brodwin et al. 2006) . However, with a limited wavelength coverage, some spectral types can be degenerate, e.g., obscured starbursts and ellipticals. In those cases, the inclusion of mid-IR data can break the degeneracy. However, the inclusion of mid-IR data in photometric redshift techniques can degrade the photometric redshift estimates because the templates represent only a limited range of optical/IR ratios. We compared both approaches, fitting optical+near-IR and optical+near-IR+mid-IR data, and concluded that the latter method gives significantly better results both in the photometric redshift estimates and in spectral type classification.
We fit the SEDs using the data from the optical to 24 µm. Mid-IR (5.8-24 µm) data are available for 107 out of the 134 sources in the sample. The best solution corresponds to the solution with minimum χ 2 among all of the solutions with z=0-4 and B-band absolute magnitude within a pre-defined range. The allowed range of B-band absolute magnitude, M B , varies with redshift and is different for normal galaxies and for AGN templates. M B must be greater than M by steps of 0.5 magnitudes, but always within the maximum allowed range, −23.7, −17 for normal galaxy solutions and −28.8, −19 for AGN solutions. The criterion was relaxed in 7 cases (see M flag in Table 1 ).
In addition to the best solution, we consider up to two secondary solutions within the defined absolute magnitude limits. In most of the cases there are three solutions per source (the best and two secondary solutions), but in some cases, only one solution (or one minimum in the χ 2 distribution), is found within the defined absolute magnitude limits, thus for each source there might be from one to three solutions. We will refer to these as the acceptable solutions. The comparison between the spectroscopic and final photometric redshifts is shown in Figure 2 . 48, 89, 439, 820, and 1259. Full circles (33 sources) represent the sources in the selected sample presented in this work. Crosses (16 sources) represent the additional sources in the XMDS sample with spectroscopic redshifts. Circles and plus signs are colorcoded according to the SED class (blue: AGN1; red: AGN2; green: SF). A diamond is overplotted on each source and is color-coded according to the spectroscopic classification (blue: type 1 AGN; red: type 2 AGN; green: normal galaxy). The vertical dotted lines show the range of photometric redshifts of all acceptable solutions (note that the acceptable solutions can be at the extremes of the bar and not cover a continuous range in redshifts.
The reliability and accuracy of the photometric redshifts are measured via the fractional error ∆z, the systematic mean error ∆z, the 1σ dispersion σ z , and the rate of catastrophic outliers, defined as the fraction of sources with |∆z| > 0.2. ∆z is defined as:
and
with N being the number of sources with spectroscopic redshifts. Since there are only 33 sources in the selected sample with a spectroscopic redshift measurement (see Table 1 ), we also included in the analysis of the photometric redshifts, all of the sources in the XMDS 4σ VVDS sample (Paper I) with a spectroscopic redshift measurement, for a total of 49 sources. The systematic mean error, ∆z, is −0.001 (−0.008), the rms, σ z , is 0.12 (0.11), and the outlier fraction is 10% (6%) for the 49 sources with spectroscopic redshifts. The values in parenthesis correspond to the results obtained using only the 33 sources with spectroscopic redshifts in the hard X-ray selected sample. Although these results are not as satisfactory as those achieved for galaxy populations, even when few broad-band photometric data are available (Babbedge et al. 2004) The redshift distributions of the whole sample, based on the photometric redshifts is shown with a dot-dashed line in Figure 3 . The distribution peaks at z ≃0.9, consistent with the redshift distribution of other X-ray selected samples (Hasinger 2002; Barger et al. 2002; Szokoly et al. 2004; Eckart et al. 2006) . About 54% (73 out of 134) of the sources are at redshift below 1 and 90% are at redshift below 2.3. In the Figure, the redshift distribution of the total sample is compared with that of AGN1, AGN2, and SF sources (see Section 3.1).
Spectral energy distributions
According to the template corresponding to the best-fit solution selected by the procedure described above, each source is classified as one of the following broad classes, AGN1, AGN2, or SF. Examples of fits for the three classes are shown in Figure 4 . The AGN1 class includes all of the sources best-fitted with a QSO1 template (bottom three on the right panel of Figure 1 , see also right panel of Figure 4 ). They are characterized by blue optical SEDs (λF λ ∝ λ −0.9,−0.4 ) and red IR SEDs (λF λ ∝ λ 0.2,0.4 ). The change in slope, from blue to red, occurs at about 1 µm. Emission from the accretion disk dominates at shorter wavelengths and from AGN-heated dust at longer wavelength. The AGN2 class includes sources best-fitted with the Seyfert templates, the three composite AGN+SB templates, or the QSO2 template (top six on the right panel of Figure 1 , and see also middle panel of Figure 4 ). The AGN2 templates include a wide variety of SED shapes. They are mostly red at optical and near-IR wavelengths, but in some cases an upturn (blue) at short wavelengths (farultraviolet) is present. Their IR SEDs range from red power-law like SEDs, similar to the AGN1 or redder, to composite SEDs where emission features associated with star-formation are present in addition to continuum emission in the near-IR. The SF class includes sources fitted with a spiral or a starburst template (left panel of Figures 1  and 4) . SF templates are all red in the optical and blue in the near-IR, consistent with emission from stellar populations. At mid-IR wavelengths, the SED is dominated by emission features and a warm dust continuum associated with star-forming regions. Photometric and spectroscopic redshifts, best-fit template and classification are reported in Table 1 .
Although a best-fit template, and thus an SED classification, is available for all sources in the sample, in the following analysis we will discuss the results only for sources with a reliable fit and simply report the derived values for the rest of the sample for completeness. We define a fit reliable if at least six data points could be fitted. Six sources (XMDS seq: 139, 199, 233, 403, 840, 1219) have been observed only in the optical or in the IR and have less than six data points in total. Because of the limited wavelength coverage, they are not included in the following analysis. Nine sources with ambiguous counterpart (XMDS seq: 91, 111, 120, 227, 255, 449, 470, 747, 844) are also excluded in the following analysis. We will refer to the 15 sources as sample B. In Table 1 we report all best-fit solutions for the sources with ambiguous counterpart in order of increasing distance of the optical counterpart, but in the following figures we will show only the best-fit solution corresponding to the closest counterpart. The sample that will be analyzed in the following sections contains the remaining 119 sources (the total 134 minus the 15 in sample B; hereinafter sample A), of which 38 are classified as AGN1s (32% of the sample), 59 (50%) as AGN2s and the remaining 22 (18%) as SFs.
The reliability of this classification depends on the number of available optical and IR data points and on the ability of identifying the signatures that make the SEDs of the various classes unique. In the case of AGN1s, the blue optical SED and red IR SED provide two clear signatures that make their classification highly reliable (see right panel in Figure 4 ). The distinction between AGN2s and SFs is less obvious than the identification of AGN1 since the only difference between their SEDs is in the shape of the near-and mid-IR SED (see left and middle panels in Figure 4) . When only few IR data points are available or the data do not sample the region where the AGN signature is visible (i.g. 3-5 µm rest-frame), the separation between the two classes is more uncertain. In order to estimate the uncertainty of our classification we counted all sources with an acceptable solution in a different class (see Section 3 for a description of the acceptable solutions). For each class, we counted the number of sources with solutions in other classes, and the number of sources in other classes with a secondary solution in the specific class. For the AGN1 class, we estimate that 2 sources might belong to a different class, AGN2 or SF, 4 AGN2s have an AGN1 secondary solution, and 2 SFs have an AGN1 secondary solution. Thus, there are 36 sources with a secure AGN1 fit, and 44 sources with a possible AGN1 fit, which implies an AGN1 fraction of 32 +5 −2 %. Analogously, for the AGN2 class, we estimate that 13 sources might belong to a different class, AGN1 or SF, 1 AGN1 has an AGN2 solution, and 5 SFs have an AGN2 solution. Thus, there are 46 sources with a secure AGN2 fit, and 65 sources with a possible AGN2 fit, which implies an AGN2 fraction of 50 +5 −11 %. For the SF class, we estimate that 7 sources might belong to a different class, AGN1 or AGN2, 1 AGN1 has an SF solution, and 9 AGN2s have an SF solution. Thus, there are 13 sources with a secure SF fit, and 30 sources with a possible SF fit, which implies an SF fraction of 18 +7 −7 %. Note that, by definition, the given uncertainties on the class fractions correspond to lower and upper limits to the fraction of sources in each class.
The reliability and completeness of our classification can be estimated using the spectroscopic classification, however we do not expect an exact correspondence between our SED-based classes and the spectroscopic classes. A spectroscopic classification is available for 49 sources, including sources that are not in the hard X-ray samples. Of these, 26 are spectroscopically classified as type 1 AGNs, 12 are spectroscopically classified as type 2 AGNs, and 11 as star-forming galaxies. Among the 26 type 1 AGNs, 16 are classified AGN1s, 9 AGN2s, and 1 SF, and all the AGN1s with a spectroscopic classification (16) are type 1 AGNs. Thus, the SED classification is 62% complete (16 AGN1s out of 26 type 1 AGNs), and 100% reliable (all AGN1s are type 1 AGNs). Among the 12 sources spectroscopically classified as type 2 AGNs, 7 are classified as AGN2s, and the remainings as SFs. The AGN2 class (24 sources) includes 9 type 1 AGNs, 7 type 2 AGNs, and 8 SFs. Thus, the completeness of the AGN2 sample is 58% (7 AGN2 out of 12 type 2 AGNs), and the reliability is 29% (7 out of 24 AGN2s are type 2 AGNs). There are 11 sources with a spectroscopic classification consistent with being normal galaxies. Eight of them are classified as AGN2s, and 5 as SF. Among the 9 sources classified as SF, 1 is a type 1 AGN, 5 are type 2 AGNs, and 3 are star-forming galaxies according to the spectroscopic classification. The completeness of the SF sample is thus 27% (3 out of 11 star-forming galaxies are classified SF), and the reliability is 33% (3 out of 9 SF sources are star-forming galaxies). In summary, the SED and the spectroscopic classification agree in 26 of the 49 sources with spectroscopic classifi-cation (53%).
We can also compare the fraction of AGNs that are identified as AGNs by the SED classification (AGN1 or AGN2) and by the spectroscopic classification (type 1 and type 2 AGNs). Note that all sources are AGNs as probed by their X-ray properties. Out of the 49 AGNs with spectroscopic classification, 38 (78%) are spectroscopically identified as AGNs (26 type 1 and 12 type 2), and 40 (82%) are classified AGNs by the SED fitting technique (25 AGN1 and 7 AGN2). The latter fraction is consistent with the 83% derived from the entire X-ray sample.
Redshift-dependent derived quantities: luminosities and absorption
Using the available redshifts, spectroscopic if available, photometric otherwise, and the best-fit templates, we derive the luminosities in the broad and hard X-ray energy bands (0.5-10 keV and 2-10 keV rest-frame), in the mid-IR (3-20 µm restframe), and in the radio at 1.4 GHz rest-frame. The X-ray luminosities, hereinafter L 0.5−10 keV and L 2−10 keV , are derived assuming a powerlaw spectrum (F(E)∝E −(Γ−1) ) with photon index Γ=2.0. Effective column densities are derived from the observed column densities after applying the redshift correction (see Paper II for details). In case the observed column density is consistent with the Galactic value, we derive an upper limit to the effective column by assuming the Galactic value and the redshift of the source (see also Section 5). The observed column densities are used to correct the X-ray luminosity for absorption, hereinafter L corr 0.5−10 keV . The uncertainty on the X-ray luminosities are estimated by propagation of the uncertainty on the flux and on the column density.
The mid-IR luminosities, L 3−20µm , are estimated by integrating the best-fit template in the rest-frame 3-20 µm wavelength range. To estimate the uncertainty on the mid-IR luminosities we first fit the IR data (λ obs > 3.6µm) of each source with all of the templates, derive the χ 2 and then use the range of luminosities obtained from all acceptable solutions.
The radio luminosities, L 1.4 GHz , are derived assuming a power-law spectrum (F ν ∝ ν −αR ) with spectral index α R =0.8 (Condon & Broderick 1988) . The uncertainty on the radio luminosity is derived from the radio flux uncertainty.
The X-ray, mid-IR and radio luminosities are listed in Table 1 .
Star-forming galaxies
In the following analysis, we will include only sources that contain an AGN. In order to identify sources whose X-ray emission is consistent with emission from a star-forming galaxy, e.g., from X-ray binaries, we require a broad X-ray luminosity below 10 42 erg s −1 , and a soft X-ray spectrum. Star-forming galaxies are typically characterized by luminosities below 10 42 erg s −1 and show steep X-ray spectral slopes (Kim et al. 1992a,b; Colbert et al. 2004; Persic et al. 2004 ). This criterion might misidentify some normal star-forming galaxies with a large population of high-mass Xray binaries (HMXBs) that produces a flat Xray spectrum (Colbert et al. 2004) , (see also (consistent with the Galactic value), and hardness ratios, −0.43, and −0.54, respectively. However, source XMDS seq 842 (z spec =0.043) has a hardness ratio of 0.16 which implies a column density of 1.78×10 22 cm −2 . Because of its hard X-ray spectrum, source XMDS seq 842 is included in the AGN sample that will be investigated in the following sections. The classification of source 178 is also dubious because its optical to X-ray flux ratio (Log(F 0.5−10 keV /F R ) ≃ −0.49) is consistent with those typical of unobscured AGNs (−1< Log(F 0.5−10 keV /F R ) < 1; Akiyama et al. 2003) . Indeed in Paper II, where star-forming galaxies are identified based on the optical to X-ray flux ratio, XMDS seq 178 is considered an AGN and XMDS seq 842 is considered a star-forming galaxy. Here, we prefer to adopt a criterion which is based only on intrinsic X-ray properties (luminosity and N H ) rather than flux ratios that are redshift-dependent. Thus, we consider XMDS seq 178 and 1248 normal star-forming galaxies, and XMDS ID 842 an AGN. Sources XMDS seq 178 and 1248 will not be taken into account in the following analysis which will focus only on the AGN population (132 sources in total, and 117 in sample A).
The fractions of AGNs in the three SED classes thus become 33+5 −1 % AGN1s, 50+6 −11 % AGN2s, and 17+9 −6 % SFs.
Average SEDs of the three AGN SED classes
After deriving the luminosity SEDs in νLν for each source assuming the source photometric redshift, or spectroscopic redshift if available, average normalized rest-frame SEDs, from the X-ray to the mid-IR, were obtained from all AGNs in the A sample (117 sources) divided by class (SF, AGN2 and AGN1). The average SEDs are shown in Figure 5 . Similarly to the median QSO template in Elvis et al. (1994) , we normalize the SEDs at 1 µm rest-frame assuming the best-fit template for each source. This choice of wavelength is well suited to investigate separately the SED dispersion of the main emitting components in AGNs, the accretion disk and the stars in the optical and the dust in the infrared. The average SEDs are derived from the normalized rest-frame SEDs by taking the mean of the logarithm of the wavelength and the weighed mean of the luminosity in Log(νLν) in 0.3 wide bins. Smaller bins were chosen if more than 40 data points were available or wider bins to include at least 10 points. The weights are based on the luminosity uncertainties. Upper limits in the optical and infrared are taken into account by assuming the upper limit to the luminosity and a logarithmic uncertainty equal to twice the maximum logarithmic uncertainty of each source. Upper limits to the X-ray luminosities are taken into account by assuming as luminosity the 1σ luminosity value and a logarithmic uncertainty equal to twice the maximum logarithmic uncertainty observed in the X-rays for that source. The average SF, AGN2, and AGN1 SEDs contain respectively 15, 29, and 20 bins, and are obtained by averaging the rest-frame SEDs of 20 SFs, 59 AGN2s, and 38 AGN1s. The average SEDs are shown in Figure 5 as thick black curves, 1 and 2σ dispersion are shown as grey shaded areas. Since the redshift distribution of the sample is broad, up to z ≥3.5, and the majority of the sample has z ∼1, the observed X-ray data sample rest-frame energies up . The light and dark shaded areas correspond to 2 and 1σ dispersion, respectively. Note that the X-ray luminosities are not corrected for absorption. The black thin curves represent the median (dashed curve) ±90% dispersion (dotted curves) QSO template by Elvis et al. (1994) .
to 45 keV for the highest-z sources, and up to 20 keV for the majority of the sample. Thus, the average SEDs sample rest-frame energies up to 20 keV.
The global SEDs, from X-ray to infrared, show a wide dispersion in each class. Since they are normalized at 1 µm, this dispersion is more pronounced at X-ray wavelengths. The average SEDs of the three classes show some clear differences. The average SEDs become increasingly blue in the optical-NIR (λ rest ≤ 1µm), red in the IR (λ rest ≃ 1 − 10µm), and soft in the X-rays in the sequence SF→AGN2→AGN1 (from bottom to top in Figure 5 ). The average SEDs are compared with the median QSO template of optically-selected quasars (Elvis et al. 1994 ) in Figure 5 . The average AGN1 SED is redder in the optical than Elvis's template, with only the bluest sources being consistent with Elvis's template. The redder optical SED of the AGN1s compared to Elvis's template suggests that these sources might include some reddened type 1 AGNs (Wilkes et al. 2002; Gregg et al. 2002; Glikman et al. 2004; Urrutia et al. 2005; Wilkes et al. 2005) . Indeed, the observed range of extinction for AGN1s in V-band is 0.0-0.55, and the median value is 0.40 (see Table 1 ). The SF and AGN2 optical SEDs are almost identical and significantly redder than the AGN1 optical SEDs. The observed different shape suggests that the origin of the optical emission is different in AGN1 and in AGN2, and SF sources, rather than the effect of reddening on an AGN spectrum. The AGN2 and SF optical emission is likely dominated by the host galaxy emission in most of the cases.
The near-and mid-IR (λ ≃1-20 µm) average SEDs of AGN1s and AGN2s are consistent with each other at 1σ level, and both are redder than the SF average SED. The mid-IR SED of AGN1 and AGN2 are consistent with being dominated by AGN-heated hot dust emission, while, in SFs, the host galaxy dominates. The mid-IR SED of Elvis's template is consistent with the average AGN1 mid-IR SED, and redder than the average AGN2 mid-IR SED.
In the X-rays, we show X-ray luminosities with no correction for intrinsic or Galactic absorption. AGN1s show on average softer X-ray spectra than SFs and AGN2s, although there is a significant dispersion. The observed average spectra are consistent with increasing absorption in AGN2 compared to AGN1, and in SF compared to AGN2.
Compared to Elvis's template, the normalized X-ray luminosity (L X /L(1µm)) of AGN1s is more than two times lower. This difference might be due to a well known bias in Elvis's QSO sample which favors sources with strong X-ray-to-optical luminosity ratios and detections in the soft Xrays (Wilkes & Elvis 1987; Elvis et al. 1994) .
The observed differences in the optical and IR SEDs of the three classes are mainly a consequence of the spectral classification. However, the SED classification is independent of the X-ray properties, therefore the differences in the X-ray average spectra indicate that harder X-ray spectra are observed in more obscured AGNs.
Luminosities and X-ray absorption versus AGN SED class
The absorption-corrected rest-frame broadband X-ray luminosities are compared to the intrinsic column densities in Figure 6 for the entire AGN sample (132 sources). Full symbols represent sources in sample A (117 sources), and open symbols represent sources in sample B (15 sources). Upper limits to the column density are adopted for sources with an observed column density lower or consistent with the Galactic value. The upper limit to the column density is derived from the Galactic value after applying the correction for redshift (N H Gal × (1 + z) 2.6 ). Median luminosity values, derived from the A sample, for each class are shown with dashed lines. The absorptioncorrected rest-frame X-ray luminosities of AGN1 are on average more than ten times those of SF, while AGN2 show intermediate values. No correlation with the intrinsic absorption measured in the X-rays is observed. The paucity of heavily absorbed (N H ≥ 10 23 cm −2 ) sources at luminosities below 10 44 erg s −1 , it is due to a selection effect because they would be too faint in the X-rays to be detected above our selection threshold.
Note that the area (1 deg 2 ) of this survey provides a large sample of highly luminous (L corr 0.5−10 keV > 10 45 erg s −1 ) AGNs (21 sources). As commonly found in X-ray selected samples where unabsorbed type 1 AGNs dominate the most luminous population Akylas et al. 2006) , we also find a larger fraction of AGN1s at higher X- (AGN1s) and obscured (AGN2s+SFs) AGNs as a function of X-ray luminosity and a comparison with previous results is reported in Paper II. Paper II also discusses the uncertainty of these estimates due to the large corrections in luminosity and column density for sources at high-redshifts and the properties of absorbed QSOs (N H ≥10 22 cm −2
and L corr 2−10 keV > 10 44 erg s −1 ). It is interesting to note the lack of SF sources in sample A at high X-ray luminosities, >10
45 erg s −1 . This indicates that powerful AGNs always dominate in the IR and are, therefore, identifiable as AGNs at those wavelengths. Thus, IR surveys can potentially be used to identify and study the most luminous AGNs. There are however two sources in sample B (XMDS seq: 403, 449) classified as SF at high luminosities (L corr 2−10 keV > 10 45 erg s −1 ). Since they belong to the B sample, they are not included in the analysis (open triangles in Figure 6 ). Deeper multi-wavelength observations are necessary to better characterize these sources (classification and redshift) and verify their high X-ray luminosities.
The mid-IR luminosity is compared with the column density measured in the X-rays in Figure 7. Similarly to the distribution of the X-ray luminosities, the majority of AGN1s show predominantly high mid-IR luminosities (≥10 45 erg s −1 ), while SFs show mostly low mid-IR luminosities (< 10 44.5 erg s −1 ), and AGN2s show intermediate values (10 44−45.5 erg s −1 ) overlapping with those of the other two classes. As for the X-ray luminosities, the mid-IR luminosities of the objects in each class do not show any obvious correlation with the intrinsic absorption measured in the X-rays.
In the next sections, we will investigate whether the observed multi-wavelength properties of the three classes can be simply explained by different luminosities, dust extinction or orientation effects. These parameters will be investigated separately for each AGN class by analyzing the mid-IR and X-ray luminosity ratio, the dependency of the SEDs on the X-ray luminosity, and of the IR colors on the luminosity and dust extinction.
6. The range of mid-IR over X-ray luminosity ratios
The nuclear mid-IR continuum in AGNs is due to reprocessing of the AGN emission by circumnuclear dust, e.g. the putative torus, and is thus function of both the AGN luminosity and the distribution of the obscuring matter. The dust covering factor in AGNs can be investigated by comparing the ratio between the mid-IR continuum (re-radiation) and the intrinsic X-ray emission. A lower mid-IR/X-ray luminosity ratio is expected in highly luminous AGNs if the dust inner radius recedes (Lawrence 1991) and the torus height is constant, and in type 2 sources where the torus is seen edge-on because of mid-IR absorption (Granato et al. 1997) . However, studies on Seyfert 1, Seyfert 2 galaxies (Lutz et al. 2004; Horst et al. 2006) , and type 2 QSOs (Sturm et al. 2006) where the dust covering factor is estimated from the L mid−IR /L corr 2−10 keV luminosity ratio, where L mid−IR is the monochromatic luminosity at 6 or 12 µm, have not found any dependency on AGN type, absorption or X-ray luminosity.
In Figure 8 , we compare the mid-IR/X-ray luminosity ratio with the absorption-corrected Xray luminosity for the three AGN classes. In order to investigate whether there is a trend with the X-ray luminosity or the AGN class, we regrouped the data for each class in five bins with the same number of sources per bin for each class, and derived the average ratio. The average values are derived only for sample A (full symbols) and are shown as diamonds connected by solid lines. For clarity, we show the data of the single sources without uncertainties. Analogously to previous studies (Lutz et al. 2004; Horst et al. 2006; Sturm et al. 2006) , we find that the mid-IR/X-ray luminosity ratio is characterized by a wide dispersion and does not depend on the AGN class or the X-ray luminosity. The only exception is in an trend observed for the SF class to have a decreasing mid-IR/X-ray luminosity ratio at increasing X-ray luminosities. Some models predict smaller dust covering factors, or lower mid-IR over X-ray luminosity ratios, in more luminous sources. However, according to these models, this effect should be observed in all AGN classes and at extreme Xray luminosities, but the mid-IR/X-ray luminosity ratio in AGN1s and AGN2s is constant and low ratios are also observed in SFs at moderate X-ray luminosities (≃ 10 43.5 erg s −1 ) as shown in Figure 8 .
In order to further investigate whether there is a dependency with luminosity, and whether previous studies did not cover a broad enough range of parameters (X-ray luminosities, spectral types) to observe such a trend, we produce a similar diagram using data from the literature. Instead of the integrated mid-IR luminosity we use the monochromatic 6 µm luminosity and the absorption-corrected hard (2-10 keV) Xray luminosity because available for all sources in the literature. The mid-IR over X-ray ratios as a function of X-ray luminosities from various AGN samples (Borys et al. 2005; Sturm et al. 2006; Lutz et al. 2004; Weedman et al. 2006 ) are shown in Figure 9 . In addition to the literature data, we report the average trend for the three AGN classes studied here. In this case, the average values were derived using the monochromatic 6 µm luminosity and the absorption-corrected hard (2-10 keV) X-ray luminosity as for the literature sample. The resulting trends for our sample are consistent with the results shown in Figure 8 . The literature data show a large dispersion, in agreement with our results, but no dependency on AGN type or X-ray luminosity is observed. There is a group of sources from Borys et al. (2005) with unusual low ratios and moderate X-ray luminosities. These sources are sub-millimetre detected AGNs whose optical-IR emission is mainly dominated by the host-galaxy, similarly to the SF class. The X-ray emission of these sources is faint, L2 − 10keV corr ≃10 42.5−44.2 erg s −1 , and they are characterized by low or moderate accretion rates, dM/dt ≃0.01-0.80 (Alexander et al. 2005a ).
The comparison with the ratios from the literature samples confirms that the mid-IR/X-ray luminosity ratio in AGNs is characterized by a broad dispersion and there is no dependency with the X-ray luminosity. At low and moderate X-ray luminosities some AGNs are characterized by large mid-IR/X-ray ratios because of contribution from the host galaxy to the mid-IR luminosity. In SFs, the AGN mid-IR emission is generally fainter relative to the absorption-corrected X-ray luminosity compared to AGN1s and AGN2s. The host galaxy emission into the mid-IR can increase the mid-IR/X-ray ratios in SFs and make them consis- Fig. 8. -Ratio between the mid-IR and the absorption-corrected broad-band (0.5-10 keV) rest-frame X-ray luminosity as a function of the absorption-corrected broad-band (0.5-10 keV) rest-frame X-ray luminosity. Symbols as in Figure 6 . The average ratios in bins of intrinsic X-ray luminosity derived for A sample (full symbols) are shown as diamonds and connected by solid lines. The colors correspond to the three SED classes, AGN1: blue, AGN2: red, and SF: green.
Fig.
9.-Ratio between the 6 µm and the absorption-corrected hard-band (2-10 keV) rest-frame X-ray luminosity as a function of the absorption-corrected hard-band (2-10 keV) rest-frame X-ray luminosity.
Symbols refer to sources in the literature (reverse blue triangles and red triangles: Seyfert 1s and Seyfert 2s from Lutz et al. (2004) , magenta diamonds: type 2 QSO2s (Sturm et al. 2006) , orange squares: absorbed AGNs (Weedman et al. 2006) , and green crosses: sub-millimetre detected AGNs (Borys et al. 2005) ). The average ratios in bins of X-ray luminosity derived for sample A are shown connected by solid lines as full blue circles, full reversed red triangles, and green triangles, for the three SED classes, AGN1, AGN2, and SF, respectively. tent or even larger than those observed in AGN1s and AGN2s, but in some cases, the mid-IR/Xray ratios can be 100 times lower, as observed in Borys et al. (2005) sample. However, it is still not clear whether the observed low ratios are due to absorption of the mid-IR AGN emission or are intrinsic. Lower intrinsic ratios might imply different dust properties (geometry, distribution, optical depth). For example, a low mid-IR/X-ray ratio could be indicative of lack of hot dust, as in the case the dust were located at a relatively large distance from the central heating source, e.g. 10 pc (Ballantyne et al. 2006) . In this case, a dependency of mid-IR/X-ray ratio with the X-ray luminosity would not be expected.
SEDs as a function of luminosity
In Section 4, we compared the normalized SEDs of the three classes. Here, we investigate whether the average SEDs vary with the AGN luminosity. We use the absorption-corrected broad band Xray luminosity, L Figure 10 . On the left side we show the SEDs regrouped by X-ray luminosity and on the right side by class. Note that the average absorptioncorrected X-ray luminosities of each class within a group can differ by up to a factor of 2. The Elvis's median QSO template is shown for comparison. The average absorption-corrected X-ray luminosities are shown as dashed lines at 0.5-10 keV in the rest-frame.
The optical-near-IR (0.4-2µm) luminosities of the three classes in the lowest X-ray luminosity group (1) are all consistent within the 1σ dispersion (panel a of Figure 10) . However, the SEDs are characterized by different shapes, flat for the AGN1s consistent with AGN emission at all wavelengths, and optically red and flat in the IR for the AGN2s, consistent with being dominated by emission from the host-galaxy or by a reddened AGN in the optical and from the AGN in the IR, and optically red and blue in the IR for the SFs, consistent with being dominated by emission from the host-galaxy at all wavelengths. In the X-rays, AGN1s and AGN2s show soft spectra, consistent with no absorption, while SFs show a hard spectrum. The sources in this class are more than 10 times less luminous than Elvis's QSO median template at all wavelengths.
In group (2) (panel c), the optical-IR luminosities of the three classes show similar properties to those in group (1). However, the difference in luminosity at short (λ <0.4µm) and long (λ >2µm) wavelengths in the three classes increases. The Xray spectra are all similar and consistent with the canonical slope (α X =0.7). The difference in luminosity with Elvis's QSO median template is lower than in group (1), but they are still from three to ten times less luminous.
In group (3) (panel e), the trend observed in the two previous groups is confirmed, the optical-IR luminosities of the three classes separate further, with the AGN1s being from ten to hundred times more luminous than the SFs. In the X-rays, a large difference is observed between the absorption-corrected luminosities and the observed values in AGN2s and SFs, indicating large absorption, while no indication of X-ray absorption is seen in AGN1s. The AGN1 luminosities are now consistent with Elvis's QSO median template in the optical and X-ray, and higher in the IR.
The average SEDs in each class show also a change in the overall shape as a function of X-ray luminosity (see right panels in Figure 10 ).
AGN1s (panel b) have overall similar infrared, optical and X-ray SEDs at all luminosities, with only a slightly redder SED at λ > 1µm and less soft X-ray spectra at higher X-ray luminosities. The optical-IR luminosities scale with the X-ray luminosities, both uncorrected and corrected for absorption.
The AGN2s (panel d) show a clear change in the optical-IR SED as the X-ray luminosity increases, with the overall SED becoming redder. 44.64 erg s −1 (panel e) are shown as filled circles connected by solid lines. Uncertainties correspond to the mean absolute deviation. Note that the X-ray SEDs are not corrected for absorption. The average SEDs for AGNs classified as SFs is shown in green, for AGN2s in red and for AGN1s in blue. The dashed lines represent the average absorption-corrected 0.5-10 keV rest-frame X-ray luminosities for each AGN class and luminosity group. Right panels: Average rest-frame mid-IR-X-ray SEDs in Log(νL ν ) vs Log(ν) of all AGN1s (panel b), AGN2s (panel d), and SFs (panel f) with absorption-corrected broad-band X-ray luminosity below 10 44 erg s −1 (cyan), 10 44−44.64 erg s −1 (magenta), and >10 44.64 erg s −1 (purple). The number of sources used to derive the average SEDs is annotated. The black solid curve represents the median template for optically-selected QSOs (Elvis et al. 1994 ).
The most plausible explanation for this change is an increasingly contribution from hot dust continuum emission associated with the AGN, e.g the putative torus, or less contribution from the host galaxy. In the lowest luminosity group, the host galaxy still dominates, but at large luminosities its emission is significantly lower than that of the AGN. It is difficult to characterize the host galaxy emission in the mid-IR because it can change dramatically for an elliptical or a late spiral or a starburst galaxy. In all cases the host galaxy light peaks in the near-IR, ∼1-2 µm, where the AGN light has a minimum (Sanders et al. 1989) . At longer wavelengths the host galaxy emission can decrease or increase, according to the galaxy type, and the AGN contribution increases. Thus, the total spectrum goes from blue if the host dominates to flat if the two contributions are similar to red when the AGN dominates. We can expect to see this trend for AGNs of increasing luminosity if the host galaxy luminosity is fixed or does not scale with the AGN luminosity. The X-ray spectra of the AGN2s change from being soft to hard as the luminosity increases. It is interesting to note that the AGN mid-IR luminosity does not scale with the absorption-corrected luminosity. Indeed the mid-IR luminosity of the most X-ray luminous AGN2s is less than twice that of those with intermediate X-ray luminosity, while the X-ray luminosity is almost 10 times higher. This suggests mid-IR absorption in more luminous sources or a lower dust covering factor.
The SF-like AGNs (panel f) show a similar change in SED shapes as the AGN2s. In this class, the near-IR (∼1 µm) luminosity remains approximately the same in the three groups, however the absorption-corrected X-ray luminosity is about 40 times larger in the most X-ray luminous SFs than in the less X-ray luminous ones. The decrease in mid-IR luminosity relative to the absorptioncorrected X-ray luminosity with increasing X-ray luminosities discussed in Section 6 is also visible here. This result is even more remarkable considering that the host galaxy contributes to the mid-IR luminosity.
The decreasing mid-IR luminosity compared to the absorption corrected X-ray luminosity observed in the most luminous AGN2s and in the SFs is equivalent to the low mid-IR over X-ray ratios found at high X-ray energies in SFs discussed in Section 6 and shown in Figures 8 and 9 . From the analysis in the previous section, we concluded that the deficiency of mid-IR light is not dependent on the AGN X-ray luminosity. However, when the AGN X-ray luminosity is low the host galaxy might be luminous enough to compensate the mid-IR deficiency, preventing low mid-IR over X-ray ratios to be observable in less luminous AGNs. Assuming that a molecular torus surrounds the nuclear source, the deficiency of mid-IR light relative to the X-ray luminosity observed in SFs and some AGN2s can be explained by lack of hot dust, larger optical depths, or large angles of the line of sight from the torus axis (Granato & Danese 1994; Granato et al. 1997 ). . For fifteen additional objects, only an upper limit in one or more IRAC bands is available. We can therefore conclude that Lacy's criterion is satisfied by 80% of our X-ray sources in sample A observed with IRAC (this fraction is obtained with the pessimistic assumption that all the sources with IRAC limits would fall outside Lacy's wedge) or by a fraction close to 95% (97/102, if we assume that all the sources with upper limits lie within the wedge). Thus, this criterion appears to be fairly complete for a relatively bright X-ray sample as the XMDS sample. Using the properties (SED class, luminosity, and absorption) derived for the AGNs in the XMDS, we investigate how these affect the IRAC colors and make them so distinctive for AGNs.
The origin of AGN IR colors
In the hypothesis that different AGN types and column densities correspond to tori seen at different angles with respect to the line of sight and that the mid-IR radiation is dominated by the torus emission, a dependence of the IR colors on the AGN class (type 1 vs type 2) and Table 2. on the absorption in the X-rays is expected. In Figure 11 , we reproduce Lacy's color diagram plotting separately sources in different intervals of absorption-corrected X-ray luminosity (panel a), mid-IR (3-20 µm) luminosity (panel b), SED classification (panel c), and column density (panel d). IRAC colors are constrained for 107 out of the 117 sources in sample A, and 102 satisfy Lacy's color criteria: all AGN1s, and most AGN2s (96%) and SFs (82%). We divided the area defined by Lacy et al. (2004) in three sub-regions, R1, R2, and R3, that contain sources with increasing flux ratios or redness and, approximately, the same number of sources (∼34). The equation of the line that divides regions R1 and R2 is Log(F (8.0)/F (4.5)) = 0.32 − 1.25 × Log(F (5.8)/F (3.6)), and the equation of the line that divides regions R2 and R3 is Log(F (8.0)/F (4.5)) = 0.661 − 1.25 × Log(F (5.8)/F (3.6)).
In order to investigate whether any AGN property (class, X-ray luminosity, mid-IR luminosity, and X-ray absorption) is correlated with the mid-IR redness, we derived the fraction of sources with a specific property in each region. The number of sources per region, including upper limits or detections only, are reported in Table 2 .
The position of the sources in the diagram is strongly correlated with the SED class. The fraction of AGN1s increases from R1 to R3, while most of the SFs are in R1 and most of the AGN2s in R2. The observed dependency is the opposite of what expected by AGN tori models where redder SEDs are predicted in more obscured sources. A likely explanation for this correlation is the increasing host-galaxy contribution from AGN1s to SFs. A correlation with the IRAC colors is also observed as a function of X-ray and mid-IR luminosities, with the fraction of the most luminous sources increasing and that of the less luminous decreasing going from R1 and R3. This correlation is consistent with less host contribution in the IR in more luminous AGNs. The least correlated parameter with the IRAC colors is the column density measured in the X-rays. However, all sources in the A sample outside Lacy et al. (2004) region are X-ray absorbed.
Radio luminosity vs X-ray and mid-IR luminosities
In star-forming galaxies, the radio and farinfrared (FIR; 42.5-122.5 µm) emission are strongly correlated (Dickey & Salpeter 1984; de Jong et al. 1985) . The majority of AGNs (radio-quiet AGNs), about 90%, depending on the sample selection, follow the same correlation as star-forming galaxies, and a minority, i.e. radio galaxies and radioloud quasars, shows an excess of radio emission compared to radio-quiet objects with similar FIR emission (Sopp & Alexander 1991; Roy et al. 1998) . The FIR over radio flux ratio is thus a good diagnostic tool to identify AGN activity. In recent studies, this correlation has been used by replacing the FIR emission with the 24 µm emission because more easily available for faint high-z sources thanks to Spitzer Simpson et al. 2006) . A correlation between the radio and the X-ray emission is also observed in star-forming galaxies, however the X-ray luminosity is on average 400 times lower than in AGNs of similar radio luminosity (Ranalli et al. 2003) . Here, we investigate whether our data are consistent with the well known FIR-radio and Xray-radio correlations and whether radio data can help identifying heavily obscured AGNs.
There are 32 sources in our sample detected at 1.4 GHz, six belong to the B sample (three with dubious optical counterparts and three with poorly sampled SEDs). Upper limits to the radio flux are available for 68 sources (2 are in the B sample). Thus, there are 26 radio-detected and 66 non-detected sources in sample A. Radio data can be used to identify the presence of an AGN by looking for an excess of radio emission compared to the optical and/or the IR flux. According to Stocke et al. (1992) , radio-loud AGNs are characterized by a radio over optical ratio, R = F 5GHz /F 2500Å , greater than 100 2 . We derive the radio flux at 5 GHz assuming a spectral Fig. 12. -Ratio between the rest-frame mid-IR (3-20 µm) luminosity and the rest-frame 1.4 GHz radio luminosity vs the rest-frame 1.4 GHz radio luminosity. Symbols as in Figure 6 . The thick dashed line represents the L(mid-IR)-L(Radio) correlation derived from the L(FIR)-L(Radio) correlation observed for radio-quiet AGNs and star-forming galaxies (Sopp & Alexander 1991; Ranalli et al. 2003) . The thin dashed lines represent the dispersion associated with the conversion from the FIR luminosity to the mid-IR luminosity. The thick dotted-dashed line represents the L(mid-IR)-L(Radio) correlation derived from the L(FIR)-L(Radio) correlation observed for radioloud AGNs (Sopp & Alexander 1991) . The thin dashed lines represent the dispersion associated with the conversion from the FIR luminosity to the mid-IR luminosity. Plus signs represent 9 sources classified as radio-loud based on the radio over optical or radio over infrared flux ratio, crosses are over plotted on the 3 sources that satisfy both criteria (see text). The upward-leftward arrows represent the median radio luminosity and luminosity ratio obtained from the non-detected sources in each group. Fig. 13. -Ratio between the absorption-corrected rest-frame broad (0.5-10 keV) X-ray luminosity and the rest-frame 1.4 GHz radio luminosity vs the rest-frame 1.4 GHz radio luminosity. Symbols as in Figure 12 . The dashed line represents the L(X-ray)-L(Radio) correlation derived for radio quiet AGNs in the ROSAT-FIRST survey (Brinkmann et al. 2000) . The dotted line represents the L(X-ray)-L(Radio) correlation derived for star-forming galaxies (Ranalli et al. 2003) . The black solid diagonal line corresponds to a fixed X-ray luminosity of 10 42 erg s −1 .
index α R =0.8 (F ν ∝ ν −αR ), and the optical flux by interpolating the observed data at the wavelength corresponding to 2500Å rest-frame. Seven sources have R ≥100 (XMDS seq: 18, 58, 111, 120, 403, 747 , and 1219) of which two (XMDS seq: 403, and 1219) are optically blank and five are in sample B (XMDS ID: 111, 120, 403, 747, and 1219) . We also calculated the parameter q defined as Log(F 24µm /F 20cm ), and identified a radio excess in all sources with q <0.0 (Donley et al. 2005) . Five sources satisfy this criterion, XMDS seq: 403, 738, 747, 1219, and 1246. Three sources are selected by both criteria (XMDS seq 403, 747, and 1219), for two (XMDS seq 111, and 120) the q parameter can not be derived because there is no IR coverage. In summary, the presence of an excess of radio emission remains uncertain in six sources for which only one of the two criteria is satisfied or can be applied, XMDS seq: 18, 58, 111, 120, 738, and 1246, and it is confirmed by both criteria in 3 sources, XMDS seq: 403, 747, and 1219.
In Figures 12 and 13 , we investigate the correlation between the radio luminosity and the mid-IR and X-ray luminosity by comparing the ratio between the rest-frame integrated mid-IR (3-20 µm) and absorption-corrected rest-frame broad-band (0.5-10 keV) X-ray luminosities and the rest-frame radio luminosity at 1.4 GHz with the rest-frame radio luminosity at 1.4 GHz for the 32 X-ray sources that are detected at radio wavelengths. We show the luminosity ratio to remove the redshift effect. The 9 radio-loud objects are shown as black plus signs, and crosses are over-plotted on the 3 more secure radio-loud AGNs. The 6 sources in sample B are shown as open symbols. Although these sources are classified as radio-loud by the criteria described above, based on their radioto-MIR and radio-to-X-ray luminosity ratios, it would be more appropriate to consider them as radio-intermediate AGNs. For clarity we do not report sources that are not radio-detected, but for each class we show the median upper limit to the radio luminosity and to the luminosity ratio obtained from the non-detected sources.
In Figure 12 , we test whether our sample is k-corrected and on what spectral indexes are assumed in the optical and in the radio. Typical values are LogR <0.5 for radio-quiet and LogR >2 for radio-loud objects (Stocke et al. 1992). shows the same correlation between the far-IR (60 µm) luminosity and the radio luminosity at 5 GHz as observed in local radio-quiet and radioloud AGNs (Sopp & Alexander 1991) . We converted the monochromatic luminosity at 5 GHz to that at 1.4 GHz assuming a radio spectral index ν R =0.5 (I ∝ ν −αR ) as in Sopp & Alexander (1991) and the monochromatic luminosity at 60 µm to the mid-IR luminosity using the following equation, L 3−20µm = (0.4 ± 0.8) × νL 60µm , derived from the templates that fit the SEDs of our sample. The expected relationships are: Log(L 1.4 GHz ) = Log(L 3−20µm ) − 11.02 ± 0.8 for the radio-loud sources and Log(L 1.4GHz ) = Log(L 3−20µm ) − 14.42 ± 0.8 for the radio-quiet ones, where L 1.4 GHz is in erg s −1 Hz −1 and L 3−20µm in erg s −1 . The two relationships are shown in Figure 12 as thick dashed (radio-quiet) and dot-dashed (radio-loud) lines. The thin lines represent the dispersion associated with the conversion from νL 60µm to L 3−20µm . Most of the radio-quiet sources in our sample follow the expected correlation. The Spearman correlation rank between the radio and the mid-IR luminosities is ρ S =0.84 and the probability is 1×10 −07 . The lowest luminosity ratios are observed for the sources considered radio-loud based on the optical/radio or the IR/radio flux ratios, however they all show higher ratios than expected for radio-loud sources (dot-dashed line in Figure 12 ).
We find a similarly strong correlation between the rest-frame radio luminosity at 1.4 GHz and the absorption-corrected rest-frame broadband (0.5-10 keV) X-ray luminosity (Spearman rank correlation coefficient ρ S =0.91 and probability of its deviation from zero 1.9×10 −10 ). We compared the measured relationship with that found for radio-quiet AGNs (Simpson et al. 2006; Brinkmann et al. 2000) (dashed line). The expected relationship has been derived from the correlation observed between the monochromatic luminosities at 5 GHz and at 2 keV of a sample of radio-quiet (LogR ≤ 1) sources from the ROSAT-FIRST sample (Brinkmann et al. 2000) . The radio luminosity has been converted to L 1.4 GHz assuming a radio spectral index of 0.7 and the X-ray luminosity at 2 keV has been converted to L 0.5−10 keV assuming a spectral index α X =0.8 as assumed in Brinkmann et al. (2000) . The final relationship is Log(L 1.4 GHz ) = Log(L 0.5−10 keV ) − 13.91 (see also Simpson et al. 2006) and is shown as a dashed line in Figure 13 . The source in our sample show luminosity ratios consistent with those expected based on this relationship.
The agreement with correlations derived from samples selected in different energy bands, and at different flux limits, reinforces the validity of these correlations. Since the radio luminosity can be considered an isotropic indicator of the nuclear unabsorbed X-ray luminosity for radioquiet AGNs, these correlations can be used to probe the unabsorbed X-ray luminosity of radioquiet AGNs and to identify absorption effects in X-ray observed AGNs, similarly to the analysis based on the [O III] λ5007 luminosity (see e.g. Mulchaey et al. 1994; Alonso-Herrero et al. 1997; Turner et al. 1997; Maiolino et al. 1998; Risaliti et al. 1999; Bassani et al. 1999 ).
The XMDS sample offers an opportunity for such an application. Source XMDS ID 842 does not follow any of the correlations between the X-ray and the radio luminosities expected for AGNs or star-forming galaxies. Because of its low X-ray luminosity, lower than 10 42 erg s −1 , the evidence for AGN activity from the X-rays in this sources it is only based on the hardness of its X-ray spectrum. However, its radio over X-ray luminosity ratio is ∼ 10 times larger than what expected for normal star-forming galaxies (Ranalli et al. 2003) , supporting the assumption that this source is an AGN. This behaviour suggests that the X-ray luminosity might be underestimated by a factor of 40, a hypothesis that would indicate that the source is Compton-thick and the observed X-ray emission is only scattered light. This source will be observed with the γ-ray observatory, INTEGRAL, as part of a 2 Msec survey of the XMM-LSS field (Virani et al. 2005) . We estimate the luminosity and expected flux in the energy range 20-100 keV, where INTE-GRAL is sensitive, to determine whether INTE-GRAL will be able to detect it. Assuming that the absorption-corrected rest-frame 0.5-10 keV luminosity is 40 times higher, the derived luminosity is L 20−100keV =2.9×10
43 erg s −1 , which corresponds to an absorption corrected flux F corr 20−100keV ≃ 7 × 10 −12 erg cm −2 s −1 , and an observed flux F 20−100keV ≃ 6.8 × 10 −12 erg cm −2 s −1 assuming a column density of 10 24 cm −2 . So far, IN-TEGRAL has not detected AGNs at these flux levels (Beckmann et al. 2006; Bassani et al. 2006) , however the long XMM-LSS exposure might be able to reveal the heavily obscured AGNs in source XMDS seq 842 (aka Arp 54).
Discussion

AGN identification through SED fitting
In this work, we have characterized the SEDs of a hard X-ray selected sample of AGNs. As previously found (see e.g. Alexander et al. 2001b Alexander et al. ,a, 2002 Fadda et al. 2002; Perola et al. 2004; Szokoly et al. 2004; Franceschini et al. 2005; Polletta et al. 2006) , the multi-wavelength SEDs of X-ray selected AGNs show a wide variety of properties. We divide the SEDs in three broad classes, AGN1, AGN2, and SF. The fraction of AGNs that fall into the various SED classes likely depends on the sample selection, i.e. spectral window and flux limit. For example, an optically selected sample will have a larger fraction of AGN1s and an IR-selected sample will be biased against AGNs in the SF class. A different X-ray flux limit or a selection in a different X-ray band can also alter the fraction of sources in the various classes. For example, Franceschini et al. (2005) finds 39% AGN1s, 23% AGN2s and 38% SFs in a sample of AGNs with broad X-ray fluxes F 0.5−8keV > 10 −15 erg cm −2 s −1 . If the classification of the sources fitted with a Mrk 231 template in Franceschini et al. (2005) is modified from AGN1 to AGN2 as assumed here, the fractions become 15% of AGN1s, 42% of AGN2s, and 36% of SFs. The AGN1 fraction is lower than ours (15 vs 33%), the fraction of AGN2s is slightly lower than ours (42 vs 50%) and the fraction of SFs is twice ours (36 vs 17%). These differences are likely due to our higher X-ray flux limit and requirement of detection in the hard X-ray band (2-10 keV). There is indeed an indication for the fraction of AGN1s to decrease and the fraction of SFs to increase at fainter X-ray fluxes (see Paper II for a more detailed analysis). The trend of having less AGN1s and more SFs at lower X-ray flux levels has to be confirmed and better quantified using similarly selected samples with analogous classification covering a broad range of fluxes.
Although hard X-ray samples, as the one used here, provide the least biased AGN samples, some AGN, e.g. Compton-thick AGNs are still missed. However, we do not expect the SEDs of Comptonthick AGNs to fall in a separate class. Known Compton-thick AGNs, both in the local universe and at high redshifts, show SEDs that are consistent with the AGN2 (e.g. Mrk 231, NGC 1068) and SF classes (e.g. NGC 4945, NGC 6240). From the SED analysis of a sample of X-ray selected Compton-thick AGNs, Polletta et al. (2006) estimates that 60% of Compton-thick AGNs fall in the SF class, and 40% in the AGN2 class. Thus, through SED fitting we can identify a large fraction of AGNs, even Compton-thick AGNs. The SED fitting technique provides an efficient AGN identification tool. The main advantage is that it is based on data that can be more easily obtained than X-ray data and spectroscopic data. Moreover, this technique identifies the same or an even higher fraction of AGNs than the spectroscopic classification. Based on the sample of 49 spectroscopically identified XMDS sources, we estimate that the SED fitting technique is able to identify AGN activity in 8 out of 11 (73%) AGNs that are spectroscopically classified as star-forming galaxies, in 7 out of 12 (58%) AGNs that are spectroscopically classified as type 2 AGNs, and in 25 out of 26 (96%) AGNs that are spectroscopically classified as type 1 AGNs. Overall, we identify AGN activity in 40 out of 49 (82%) hard X-ray selected AGNs with available spectroscopic data and in 83% (50% of AGN2s and 33% of AGN1s) in the entire X-ray sample, while optical spectroscopy reveals an AGN in 38 sources (78%). The SED fitting technique can be applied to sources that are too faint at optical wavelengths for optical spectroscopic observations, or with emission lines that are diluted by the host galaxy light or affected by obscuration (Moran et al. 2002; Barger et al. 2001; Rigby et al. 2006) , and to sources in the redshift desert. There is evidence that these source might represent a significant fraction of AGN samples. Thus, SED fitting represents a powerful and efficient tool to identify AGN activity in samples for which optical spectroscopic observations are unavailable or impossible to perform.
However, this technique has also some limitations. Almost half of type 2 AGNs and a third of star-forming galaxy-like AGNs might still be missed and not identified as AGNs. Moreover, the SED classification can be misled by the more dominant host-galaxy light at optical-nearinfrared wavelengths as in many Seyfert 1 galaxies and thus classify a type 1 AGN as AGN2 or SF. These limitations might be overcome if well sampled multi-wavelength SEDs of large AGN samples in various classes with spectroscopic data become available. With such data the AGN templates can be improved and expanded and the SED fitting technique can be refined.
In the next section we discuss the nature of the AGN that are not identified by the SED technique and by optical spectroscopy.
The nature of elusive AGNs
There are several examples of AGNs in the literature whose optical spectra or broad-band SEDs resemble those of normal galaxies and are, therefore, not identified as AGNs unless probed by Xray or radio data. We refer to these sources as elusive AGNs (Maiolino et al. 2003) . These sources belong to the SF class and might have many properties in common with known categories of elusive AGNs found in the literature, e.g the optically dull discovered in optical samples (Maiolino et al. 2003; Elvis et al. 1981; Rigby et al. 2005) , the X-ray Bright Optically Normal Galaxies discovered in X-ray samples (XBONGs; Comastri et al. 2002) , the type 3 QSOs found in IR-selected samples Leipski et al. 2007 ). The rich taxonomy of these categories reflects mostly the wavelengths at which they were discovered, while the scenarios proposed to explain their nature are similar.
The properties of these elusive AGNs are usually explained by two scenarios: 1) heavy obscuration by dust with a large covering factor (Marconi et al. 2000; Fabian 2004; Dudley & Wynn-Williams 1997) , and/or 2) a radiatively inefficient accretion flow (RIAF) (Yuan & Narayan 2004) . Large dust covering factors obscure the optical emission from the inner regions, thus no narrow emission lines are observed. The inefficient accretion explains the lack of optical and ultraviolet radiation from the accretion disk and of emission lines from the broad and narrow line regions. The existence of unabsorbed XBONGs (Severgnini et al. 2003; Page et al. 2003) in the X-rays disfavors the former hypothesis, although it is likely that both scenarios might be valid. Based on IR and sub-millimetre observations of some of these elu-sive AGNs (Borys et al. 2005; Alexander et al. 2005a,b; Martínez-Sansigre et al. 2006) , it has been proposed that the obscuring dust is associated with a starburst and that these AGNs might be in an early phase of their growth. These objects might have already formed the bulk of their stellar mass, but the central BH has not fully grown and they are accreting at a low rate (Alexander et al. 2005b; Borys et al. 2005) . This last scenario combines the two described above. In summary, all these classes of AGNs are either explained by heavy absorption associated with dust with a large covering factor and/or by an inefficiently accreting black hole.
We examine in more detail the properties of 3 SFs for which spectroscopic data are also available and fail in identifying the AGN, XMDS seq 439, 487, and 842. Our goal is to find out what they have in common that might explain their elusiveness and whether we can identify their AGN activity by other means in absence of X-ray data. All three sources are fitted with spiral templates, however XMDS seq 487 shows a small excess of emission in the near-IR with respect to the template. Such an excess is likely due to AGN-heated hot dust. Indeed, a fit with an AGN1 template is one of its secondary solutions. All three sources are absorbed in the X-rays (N H 2×10 22 cm −2 ) and their X-ray luminosities cover a broad range, from 10 41.5 erg s −1 to 10 44.4 erg s −1 . The MIR-toradio luminosity ratios of two sources are consistent with those observed in radio-quiet AGNs and normal galaxies, however XMDS seq 439 shows a lower than expected ratio (≃13.1, compared to the expected 14.4; see Figure 12 ). This low ratio indicates radio emission in excess, and thus strongly suggests AGN activity. In summary, by using the MIR-to-radio luminosity ratio and the secondary solutions of the SED fits, we can identify AGN activity in 2 of these 3 sources. The AGN nature of the third source, XMDS seq 842, is actually not confirmed (see Sections 3.3 and 9).
Overall, we do not find any evidence for inefficient accretion in SFs. Indeed they can be intrinsically powerful X-ray sources and their X-ray/radio luminosity ratios satisfy the same correlations observed for AGN1s and AGN2s. The results from this study on these sources favor obscuration as the cause of the observed low mid-IR/X-ray luminosity ratios and elusive SEDs. However, an analysis of a larger sample with a broad range of luminosities and a rich multi-wavelength data set and, especially, more discriminating model predictions for various dust distributions and orientations, linked with the X-ray properties, are necessary to investigate whether our results are simply consistent with an orientation effect, or indicate higher dust covering factors or larger dust inner radii.
The missing AGN population
The cosmic X-ray background is still unresolved at high energies (≥10 keV). The most recent background synthesis models predict that the missing population is made of sources at intermediate redshifts (z ∼1), with hard X-ray spectra (Γ ∼1.4), and moderate luminosities (∼10 43 erg s −1 ) (Worsley et al. 2005; Gilli et al. 2006) . Simpson et al. (2006) suggest that the missing AGN population would be detected at radio wavelengths with fluxes of a few tens of µJy. The expected radio luminosity of an AGN with an X-ray luminosity of 10 43 erg s −1 derived using the correlation shown in Figure 13 is about 10 29 erg s −1 Hz −1 . The observed radio flux, assuming a redshift of 1 as predicted for the bulk of this missing AGN population, would be ≃ 2.2 µJy and the observed 0.5-10 keV X-ray flux would be ≃ 2.35×10 −15 erg cm −2 s −1 if unobscured and reduced by 20%, 50%, or 80% if obscured by a column density of 10 22 , 10 23 , or 10 24 cm −2 , respectively. The predicted radio fluxes are lower than the limits reached by the deepest radio surveys. Indeed, the r.m.s. of the deepest VLA surveys is 2.7 µJy in the 0.4 deg 2 SWIRE/Chandra field (Polletta et al. 2006, ; Owen et al., in prep.) , and 5.3 µJy in the 0.04 deg 2 GOODSNorth field (Morrison et al. 2006) . Thus, the faint radio population is not a good candidate for the missing AGN population. Similar conclusions have been recently derived from stacking the X-ray data of faint radio-selected sources in HDFN (Barger et al. 2007 ).
Summary
Using the large data set from the XMM-LSS, SWIRE, CFHTLS, and VVDS surveys in the XMDS field (Paper I), the properties (SEDs, luminosity and absorption) of a hard X-ray selected sample of 136 X-ray sources are investigated. Photometric redshifts are estimated and spectral types are determined using the Hyper-z code and a library of galaxy and AGN templates using optical and infrared data (Section 3). In this work, we investigate the role of the main parameters responsible for the observed properties of AGN SEDs, host galaxy contribution, gas obscuration, dust absorption, and AGN power. Our analysis is based on multi-wavelength data, on the characterization of the average SEDs, and on the comparison of the luminosities emitted in the main energy windows, optical, mid-IR, X-rays and radio. Out of 136 hard X-ray sources, 132 are AGNs, two are clusters and two are star-forming galaxies. From the AGN sample, we select a sub-sample of 117 AGNs with high quality SEDs. The main results obtained from the analysis of this sample are summarized below.
• AGN SED classification We fit the optical-IR (from 0.37 to 24µm) SEDs of the whole sample (134 sources, excluding the two clusters) to estimate photometric redshifts and classify the sources. Spectroscopic data are available for 33 sources. We obtain photometric redshifts with σ(1+z)=0.11 and 6% of outliers. The AGN sample is divided in three classes based on their SEDs, type 1 AGNs (AGN1s) (33 +6 −1 %), type 2 AGNs (AGN2) (50 +6 −11 %) and star-forming galaxylike AGNs (SF) (17 +9 −6 %) (Section 3.1).
• Average SEDs We derive average SEDs, from hard X-ray to mid-IR wavelengths, for each AGN class (Section 4). AGN1s show AGN-dominated SEDs from optical to infrared wavelengths, and mostly unabsorbed X-ray spectra. Their optical spectra show a broad range of extinction, up to A V =0.55, indicating that the AGN1 class includes some reddened AGNs. In AGN2s, hot dust emission associated with the AGN is detected at mid-infrared wavelengths, and emission from the host galaxy dominates in the optical. They show a broad range of Xray properties, with the majority being absorbed in the X-rays. Sources classified as SFs do not show any AGN signature at optical and infrared wavelengths, they are all absorbed in the X-rays.
• Average SEDs vs X-ray luminosity and SED class The change in the average SEDs per class as a function of X-ray luminosity is analyzed in Section 7. The comparison of the average SEDs of each class shows that the optical-IR SEDs in the AGN2 and SF classes and the IR SEDs in the AGN1 class redden as the luminosity increases. This reddening is consistent with a lower relative contribution from the host galaxy to the near-IR luminosity at larger X-ray luminosities.
• X-ray vs IR luminosity The majority of sources with high X-ray luminosities are AGN1s, while SFs dominate at lower luminosities. No correlation is observed between the X-ray or mid-IR luminosity and the Xray absorption.
We compare the mid-infrared (3-20 µm) over absorption-corrected X-ray luminosity ratio with the X-ray luminosity and with observed values from various AGN samples in the literature. The luminosity ratios are characterized by a wide dispersion as the sources in the literature and we do not find any dependency on the X-ray luminosity. However, we find sources with significantly lower ratios in the SF class. Even lower ratios are found for sub-millimeter detected AGNs. These low ratios are explained by either obscuration in the mid-IR or by lack of hot dust as expected if the dust is located at a relatively large distance, e.g. 10 pc, from the central heating source (Ballantyne et al. 2006) . However, other explanations cannot be ruled out with the present data.
• AGN mid-IR colors The analysis of AGN red mid-infrared colors as measured by IRAC reveals that redness is strongly correlated with the AGN class, but also with the X-ray and mid-IR luminosities and does not depend on the X-ray absorption (Section 8).
The correlation of the mid-IR redness with the AGN class is likely due to a decreasing host-galaxy contribution from SFs to AGN1s.
• Radio luminosity vs X-ray and IR luminosities Radio luminosities are com-pared with the X-ray and mid-infrared luminosities confirming previously known relationships (Brinkmann et al. 2000; Sopp & Alexander 1991) for AGNs (Section 9). A sub-set of sources shows radio emission in excess compared with the optical and/or mid-IR flux, consistent with begin radio-intermediate. We propose the use of the radio luminosity to identify heavily obscured AGNs by estimating the unabsorbed X-ray luminosity in radio-quiet AGNs and by comparing the estimated flux with the observed X-ray flux.
• AGN identification through SED fitting The SED fitting technique presented here succeeds in identifying signatures in 83% of the objects in the hard X-ray sample. The remaining 17
+9
−6 % of AGNs are fitted with star-forming galaxy templates (SF class). A comparison with the spectroscopic classification available for a small sub-sample indicates that the AGN1 class is 100% reliable and 62% complete. The AGN2 class is 29% reliable and 58% complete, and the SF class is 33% reliable and 27% complete. The SED and the spectroscopic classification agree in 53% of the cases.
• The nature of elusive AGNs AGNs in the SF class are elusive AGNs at optical and IR wavelengths, similarly to optically dull AGNs, XBONGs, and type 3 QSOs. The properties of these sources can be simply explained by large obscuration in the mid-IR, however it is not clear whether the large obscuration is an effect of orientation or whether it implies larger covering factors and/or dust at larger distance from the nucleus. We do not find any evidence for inefficient accretion in these sources as they can be powerful X-ray sources.
• The missing AGN population We investigated whether the AGNs still missing from X-ray surveys and responsible for the bulk of the CXRB at high energies (10-30 keV) can be detected at radio wavelengths. The expected radio flux, derived assuming an Xray luminosity of 10 43 erg s −1 and the relationship shown in Figure 13 , and z=1 is ∼ 2.2 µJy. This flux density is lower than the limits reached by the deepest current radio surveys. Thus, they will still be missing even in radio surveys.
The SED analysis of the AGN sample presented here indicates the existence of a large fraction of AGNs that would remain unidentified in optical and/or IR-selected samples (SFs). These elusive AGNs show a broad range of luminosities and they are mostly X-ray absorbed. The evolution of this population needs to be constrained and taken into account in all evolutionary models. In backward evolutionary models, where SEDs are associated with different types of sources (Xu et al. 2001 (Xu et al. , 2003 Silva et al. 2004; , the inclusion of AGNs with SF-like SED will greatly affect the estimated contribution of AGNs at all wavelengths, especially in the mid-IR where AGN-dominated SEDs are much redder than SF SEDs. The identification of these objects would be important in estimating the contribution of accretion energy to the mid-IR background and source counts (Silva et al. 2004; Treister et al. 2006; Ballantyne et al. 2006 ). Facilities: XMM-Newton, Spitzer.
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